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Abstract 

This paper describes an investigation of the stratigraphical and tectonic relation¬ 
ships of the Dalradian and Moinian rocks in the Blair Atholl-Ben a’ Gloe area of 
Perthshire. The rocks are dominandy metasediments (quartzites, limestones, 
and schists), whose metamorphic grade is late garnet zone to early kyanite zone. 
Igneous intrusions are numerous, but are subordinate in bulk and will not be 
described here. The metasediments, together with some of the igneous intrusions, 
have been extensively folded and faulted, the most conspicuous result of these move¬ 
ments being a series of strongly compressed isoclinal folds with planes dipping to the 
south and east. 

The area can be divided into four tectonic zones, bounded by the branches of 
the Loch Tay Fault System and by an important slide which runs across the area 
from lower Glen Fender to Loch Loch, and for which the name “ Cam Liath Slide ” 
is proposed. In each of the four tectonic zones, the metasediments form a character¬ 
istic lithological sequence. Most of the names used by previous workers for the 
various lithological units have been found to be unsatisfactory, and a. number of 
new names are proposed, the names being based on type localities within the area 
rather than assumed correlations with successions in other districts. 

The proposed successions are: 

Zone I Zones II and III 

Coire Rainich Phyllites 
Ben a’ Gloe Quartzite 
Kirkton of Lude Boulder Bed (local) 
Coire Fhiann Group 
Shierglas Limestone 
Craig-choinnich Quartzite (very local) 
Tomnabroilach Schists 

Zone IV 

Glen Banvie Series 
Struan Flags 

There is little doubt that these formations, as listed above, are in stratigraphical 
order, with the youngest at the top. Stratigraphical correlation from one zone to 
another presents a number of problems, and the various possibilities are discussed in 
this paper, together with the relationship of the Ben a’ Gloe and Schiehallion succes¬ 
sions. There are lithological differences between the structural zones of the'Schie-.. 
hallion sector that closely resembles the differences between the zones at Ben a’ Gloe, 
and it is quite possible that some of these differences are to be explained in terms 
of facies variations within the original sediments. Crustal shortening during de¬ 
formation has been quite sufficient to bring successions originally deposited some 
distance apart (and differing in facies) into close proximity. - 

Schistosity is well-developed in the pelitic and semi-pelitic rocks, but is rare in 
the quartzites and limestones; lineation is common in all rock types except limestones. 
In schists, limestones, and thin-banded quartzites, the lineation is “ b-type ”, and is 
often associated with minor folding. The trend of b-lineation and folding is 
WNW-ESE (with a scatter from E-W to SE-NW) in the schists and limestones, 
and NE-SW to ENE-WSW in the thin-banded quartzites. In the massive and 
pebbly quartzites, an “ a-type ” lineation trending WNW-ESE (with a scatter from 
E-W to SE-NW) is fairly common. 
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The rocks of the area have been affected by several phases of folding and fault¬ 
ing. These phases appear to have taken place in the following order: 

(1) Folding on NE-SW axes, resulting in the formation of major isoclinal folds 
' overturned to the NW, together with a series of minor folds that are now visible 
only in the quartzites. The a-lineation in the massive quartzites was probably 
developed during this phase. 

(21 Sliding—i.e., the formation of a series of more or less concordant fractures, 
whose most obvious effect is the local production of anomalous lithological suc¬ 
cessions. 

(3) Torsional movements about vertical axes. 

(4) Major and minor folding in the schists and limestones, on axes plunging to¬ 
wards the SE quadrant, accompanied by lateral stretching and boudmage of 
the larger quartzite masses. This phase of deformation probably destroyed or 
scattered any folds with a NE-SW trend in the schists and limestones. 

(5) Renewed but more gentle folding on NE-SW axes. 

(61 Faulting—i.e., the formation of a series of labe-stage discordant fractures, with 
steep dips. The most important faults (those of the Loch Tay Fault System) 
are mainly transcurrent, with a sinistral displacement. It is likely that the minor 
folds of phase (4) and the a-lineation in the massive quartzites originally had 
a NW-SE trend, and sinistral shearing associated with the Loch lay t ault 
System may have been responsible for rotating them into their present position. 
On a broad scale, the rocks are in normal stratigraphical succession over the 
whole area although they are inverted in the overturned limbs of the isoclinal tolas. 
The general order of succession was determined in Zone I by the direct observation 
of plunge in the resistant contact rocks at the Crochton, and in Zone II by observa¬ 
tions on the plunge of minor folds in the Ben a* Gloe Quartzite. Numerous isoclinal 
fold cores can be recognised in Zone I, but none are of sufficient importance to 
receive separate names. The fold cores in Zone II are fewer and larger, and form a 
structural succession consisting of two synforms separated by an antiform, for which 
the following names are proposed: Ben a’ Gloe Synform; Glen Fender Antiform, 


Meall Bhlair Synform. ... 

These three fold cores can be recognised in Zone III, but no major isoclinal 
fold cores have been delineated in Zone IV. 

This interpretation partially disagrees with that put forward by Bailey (1925), 
who concluded that in the part of the area called “ Zone II ” by the present writer, 
the rocks were in reversed succession. Bailey interpreted the Ben a’ Gloe, Glen render, 
and Meall Bhlair-Meall Gruaim fold cores respectively as an antiform, a synform, 
and an antiform (Bailey, 1925, p. 696, and map with diagrammatic sections). 

The folds of phase (1), or “primary major folds”, together with the slides of 
phase (2), have been considerably distorted by the movements of phases (3) to (5). 
The larger structures developed during phases (3) to (5) will be termed secondary 
major folds”; these have played an important part in determining the present form 
and trend of the various lithological outcrops. 
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I. Introduction and History of Previous Work 
The area to be described (Figs. 1 and 2) lies in the north Perthshire Highlands, 
and extends from the River Garry, in the region of Blair Atholl, to Glen Loch, about 
nine miles to the north-east. The north-western boundary of the area follows the 
River Tilt from the mouth of An Lochain southwards to Gilbert’s Bridge, and 
continues west of the Tilt across lower Glen Banvie to Woodend, two miles west 
of Blair Atholl. The south-eastern boundary of the area is formed by the type 
outcrop of the Killiecrankie Schist. 

Much of the ground is high moorland, the main exceptions being the Ben 
a’ Gloe range in the north, where there are three main summits over three thousand 
feet in height, and the deep glen of the Tilt. , . , _ . . . 

The rocks of the district were first mapped and described by the Geological 
Survey. Most of the present map area lies in the northern part of Sheet 55, but 
a small part overlaps on to Sheet 64. The rocks within this area belong very 
largely to the Dalradian series, but the Struan Flags (Moinian) are encountered 
in the west. Both pre-tectonic and post-tectonic igneous rocks occur, but are minor 
in bulk and will not be described here. 

The earliest stratigraphical and structural interpretations covering the area 
under discussion were put forward by the Geological Survey in the Memoirs to 
Sheets 55 and 64. Bailey, in his 1925 paper on the Loch Tummel, Blair Atholl, 
and Glen Shee district, also covered the present area and proposed a new strati¬ 
graphical succession with several modifications. At a later date, he was also able 
to confirm his earlier views on the age relationships of the various members (1930, 
p. 92). His main stratigraphical divisions and their relative positions in the 

sequence are now generally accepted. , , „ , 

In the Schiehallion district, E. M. Anderson (1923) followed by Bailey and 
McCallien (1937) subdivided the two lowest members of the Dabradian as follows: 

Carn Mairg Quartzite 

Perthshire Quartzite Series Killiecrankie Schist 

Schiehallion Quartzite 
(Schiehallion Boulder Bed) 

! White Limestone 
Banded Group 
Grey Limestone 
Dark Schist 


tHliH 



Fig. 1.—Blair Atholl-Ben a’ Gloe area, western half. Readings give the direct plunge of minor 
folds or lineation when these alone were recorded, but otherwise refer to the schistosity or 
lithological banding. Double arrows refer to the positions of readings. 

Note.—The small outcrop J mile E.S.E. of Meall Gruaim summit is Coire Fhiann Group. The 
western boundary of the narrow band of quartzite 2 /s mile N.E. of Meall Dail-min should 
be shown as a heavy line (fault). 
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In the Blair Atholl-Ben a’ Gloe area Bailey (1925) correlated various outcrops 
with the Schiehallion Quartzite and others with the Killiecrankie Schist, but no 
rocks north-west of the type Killiecrankie Schist outcrop were referred to the Gam 
Maim Quartzite. He also divided the Blair Atholl Senes into a Pale Group (next 
to the Quartzite Series) and a Dark Group, but did not subdivide these further. His 
map indicates the mutual boundary of the Pale and Dark Groups over much of t e 
area, but shows a few zones in the Blair Atholl Series that are not definite y 
allocated to either division. A later small-scale map by Bailey and McCallien 
(1937 p. 92) shows the Pale Group outcrop divided into White Limestone and 
Banded Group, but the Dark Group remains as a unit. The subdivisions of the 
Quartzite Series and the Blair Atholl Series in the present area, and their relation¬ 
ship to the Schiehallion succession, will be discussed in this paper. . 

The structure of the area was interpreted by Bailey as consistmg essentially ot 
a single large recumbent fold, with secondary folds superimposed on the limbs The 
tvpe outcrop of the Killiecrankie Schist, together with the underlymg Blair Athol 
Series immediately to the north and west, were taken to represent the upper, norma 
limb. The quartzite outcrops of Ben a’ Gloe and Meall Gruaim were interpreted 
as secondary antiforms overturned towards the north-west and superimposed on the 
reversed limb of the main recumbent fold. The latter was assumed to close below 
ground to the south-east of the type Killiecrankie Schist outcrop. The work on 
which this paper is based made it clear that the structural as well as the strati- 
graphical problems of the area needed some reconsideration. 

Regional metamorphism of all rocks in the area has progressed well beyond 
the garnet isograd, both kyanite and staurolite occurring sporadically within the 
pelitic formations. 

The writer remapped the area on a scale of six inches to a mile. 1 he exposures 
are usually moderately good, but vary from crags and scars in which the rocks, are 
almost completely exposed to drift-covered moorland with no outcrops except in a 

few stream-sections. , 0 

Maps of the western and eastern parts of the area are presented m lugs. 1 and L. 

II. Stratigraphy 

1. Introduction 

The rocks to be described are affected by two principal tectonic discontinuities: 

(i) The Loch Tay Fault System. A single fault runs down upper Glen Tilt, 
but divides near Clachghlas into two major sub-parallel branches, both of which 
persist until they finally reunite two and a half miles south-west of Blair Atholl. 
These and the other structures termed “ faults ” in this paper appear to be post- 
deformational; they possess steep or vertical tips, and are discordant with respect to 
the lithological banding and/or schistosity in the adjoining rocks. 

(ii) The Carn Liath Slide, a line of discontinuity running from lower Glen 
Fender to Carn Liath and continuing along the eastern boundary of the Ben a’ Gloe 
quartzite. The discontinuities referred to as “ slides ” in this paper appear to be 
para-deformational, and are largely concordant with the lithological banding or 
schistosity of the rocks on either side. 

These two discontinuities divide the rocks of the area into four main tectonic 
units: (see diagrammatic map, Fig. 3). 

I. East of the Loch Tay Fault System, and south-east of the Cam Liath Slide. 

II. East of the Loch Tay Fault System, and north-west of the Carn Liath Slide. 

III. Between the branches of the Loch Tay Fault, south-west of Clachglas. 

IV. North-west of the Loch Tay Fault System. 

In all four zones, there occur quartzites, schists and limestones; the great majority 
of these rocks possess lithological banding and/or schistosity, both of which con- 
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sistently dip to the south or east at a moderate angle, and it is evident that they 
are involved in strong isoclinal folding. 

On the basis of lithological mapping, the rocks have been divided by the writer 
into a number of different formations, some of which correspond to formations 
recognised by Bailey (1925) while others do not. The writer has renamed some 
formations on the basis of type locality rather than lithology alone, as purely^ litho¬ 
logical names take no account of any variations which may be found as the forma¬ 
tions are traced across country, and do not allow for the possibility (borne out m 
practice) of similar rock-types being found at more than one stratigraphical horizon. 
The general characteristics of the various formations will now be summarised. 

2. Description of Formations, 
a. Coire Rainich Phyllites. 

Dark phyllites and fine-grained schists. .. . , 

Mineralogy: Muscovite and quartz dominant, with subordinate garnet.biotite, and 
•j nliio-iorlasp and accessory graphite. Kyamte is uncommon, but locally abundant. 

Texture: ’Normally fine-grained, with a well-developed uniform schistosity; medium- 

gra med^types^occm^aroiu^Bea^ach^^^^ ^ ^ Killiecrankie Schist by BaUey (1925) and 
by B Named for Coire Rainich, a corrie about two miles north-east of Forest Lodge, Glen Tilt. 

b ' Nefr^the Blah^At'holl Series: fine-grained massive quartzite, with few micaceous 

nartines Subordinate acid plagioclase is common, but microcline is rare. 

P (ii) Central part: massive quartzite with numerous felspar-rich bands and f ew nrucaceoiu 
partings. Both microcline and acid plagioclase are common. Pebbly bands are frequent, and 
cross-bedding is occasionally preserved (cf. Gregory, 1931, p. 11-i). 

(iii) Near the Coire Rainich Phyllites: fine-grained quartzite with numerous micaceous 
bands Muscovite is common, but microcline is virtually absent. _ 

Texture: Granular, with little or no schistosity except m pelitic partings. 

Previous Terminology: Correlated with the Schiehallion Quartzite by Bailey (192 ) 
and by Bailey and McCallien (1937). 

Named for the mountain Ben a’ Gloe. 

c. Killiecrankie Schist. . . . . 

Semipelitic schist with subordinate bands of pehtic schist and quartzite, inter- 

banded on scales ranging from a few metres to several tens of metres. 

Mineralogy of Semipelitic Types: Quartz dominant, with abundant muscovite, and 

SUb ° NlmiiRALOGY 6 (^^Peletic^Typ'eT : 6 Muscovite and quartz dominant, with subordinate 

bl0tl MinerTlwy^ rQu^RTZiTES: Quartz, with subordinate acid plagioclase and muscovite. 

Subordinate potash felspar is also occasionally present. . .. . 

Textures : The quartzites are normally fine-grained and massive, with uttle or no 
schistosity, whereas the pelitic types are medium-grained with a well-developed schistosity, 
the semipelitic types are intermediate in texture between the quartzites and the PeJ'tic s^h sts. 

Previous Terminology: The outcrop of the map is part of the ty P e p^° P , ,qo 7 i 
Killiecrankie Schist as defined by Bailey (1925) and accepted by Bailey and McCallien (1937). 

d. Kirkton of Lude Boulder Bed. 

A calcareous schist containing rounded pebbles of pink alkali-granite, up to 

several inches in diameter. . . ,« 

Mineralooy of Matrix: Calcite, quartz, biotite, and muscovite present m roughly 

Texture of Matrix: Medium-grained to coarse, with the schistosity often poorly 

Previous Terminology: Correlated with the Schiehallion Boulder Bed by Bailey (1925) 
and by Bailey and McCallien (1937). The writer has not been able to^ confirm *5® 
of Boulder Bed mentioned as occurring m the Fender section by Bailey and McCallien (19 

P 92 Named for Kirkton of Lude, a croft on the west side of Glen Fender; the Boulder Bed 
was first discovered in this locality by Bailey (1925, p. 685). 
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e. Coire Fhiann Group. 

(i) Eastern type (found in the belt immediately west of the main Ben a’ Gloe 
Quartzite outcrop): pelitic schist, frequently dark, accompanied by subordinate 
semipelitic schist and a small amount of impure white limestone. 

Mineralogy (Schists): Muscovite and quartz dominant, with subordinate garnet, 
biotite, and acid plagioclase. Accessory graphite is present in the dark varieties. Kyanite 
occurs in a few localities. 

Texture: Medium-grained, with a well-developed schistosity. 

(ii) Western type (all outcrops other than the one described above) : inter- 
banded schists and flaggy semipelitic schists, with subordinate quartzites and white 
limestones. Individual schist bands may range up to several tens of metres in thick¬ 
ness, but the quartzites and limestones rarely exceed a few metres. The thinnest 
bands of all types range down to a few millimetres or less in thickness. 

Mineralogy of Pelitic Types: Muscovite and quartz dominant, with subordinate biotite 
and acid plagioclase, in the southern part of Zone II; in the northern part of Zone II, and 
in Zone III, the proportion of biotite is considerably higher, and both micas occur in com¬ 
parable amounts. Subordinate garnet, calcite, hornblende, and disseminated graphite occur 

locally. . 

Mineralogy of Semipelitic Types: Quartz dominant, with abundant muscovite, and 
subordinate biotite and acid plagioclase. The micas are generally concentrated in pelitic 
partings. , ... 

Mineralogy of Quartzites: Quartz, with subordinate muscovite and acid plagioclase. 

Mineralogy of White Limestones: Dolomite, with subordinate calcite. Subordinate 
muscovite, biotite, and quartz often occur as local impurities. 

Textures: The pelitic and semipelitic types are normally rather fine-grained, with a 
well-developed and uniform schistosity. The quartzites (fine-grained) and limestones (medium 
to coarse-grained) rarely show any sign of schistosity except in pelitic partings. 

Previous Terminology: Mapped by Bailey (1925) in his Pale Group, and correlated 
further with the Banded Group of the Schiehallion area by Bailey and McCallien (1937). 

Named for Coire Fhiann, a corrie one mile south of Forest Lodge, Glen Tilt. 

/. Shierglas Limestone. 

Grey limestone, with impure quartzopelitic bands up to a few centimetres in 
thickness. White bands occur in one belt of limestone just south of Shinagag. 

Mineralogy: Calcite, with accessory quartz, mica, graphite (except in the white bands 
mentioned above), and sometimes a mineral of the epidote group. 

Texture: Coarse to medium-grained, with little or no schistosity except in pelitic partings. 

Impure Bands: There are two types, one being schistose and medium-grained, with 
muscovite as the dominant mica; the other type is fine-grained and non-schistose, with biotite 
as the dominant mica, and shows the “ calc-flinta ” habit (Barrow et al., 1905, p. 43). 

Previous Terminology: Bailey (1925) mapped most of the Shierglas Limestone in 
his Dark Group, but included the following outcrops in his areas of doubtful Pale Group: (i) 
the outcrop with white bands near Shinagag, and (ii) a few minor bands around Reinakyllich 
and the Crochton, which are found in the same area as non-graphitic types belonging to the 
Tomnabroilach Schists (see below). 

Named for the limestone quarry at Shierglas, one mile south-east of Blair Atholl and a 
quarter of a mile south of the Garry. 

The Craig-choinnich Quartzite, an unusual rock which is almost certainly a 
metamorphosed chert, occurs very locally along the Shierglas Limestone- 
Tomnabroilach Schists boundary on the east side of upper Glen Fender (Pantin, 
1957). 

g. Tomnabroilach Schists. 

(i) Zone I; Pelitic schists (frequently dark), accompanied by quartzose schists, 
calcareous schists, and thin bands of quartzite and limestone (white or grey) up to 
a few metres in thickness. The quartzose and calcareous types are usually very minor 

constituents in the assemblage, but become conspicuous south of a line running 

from Stac nam Bodach to Meall Mhor. Homfelsed representatives of the Tomna¬ 
broilach Schists are found at the Crochton, just west of the Ben Vuirich granite. 

(ii) Zone II; Dark pelitic schists. 

Mineralogy (Schists): Muscovite and quartz normally dominant, with subordinate 
garnet, biotite, and acid plagioclase; accessory graphite in the dark varieties. Kyanite is un- 
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common and staurolite rare, but these minerals are locally abundant. In Zone II north of 
Allt Torcaidh graphite becomes less conspicuous, and garnet almost disappears, while the 
proportion of biotite increases considerably. 

Mineralogy (Pelitic Hornfelses) : Muscovite, biotite, and quartz dominant, with sub¬ 
ordinate acid plagioclase and accessory graphite in the dark varieties. Subordinate garnet 
occurs locally. The micas are sometimes concentrated into ovoids which may represent pseudo- 
morphs after cordierite, and scapolite is also found in places. 

Texture: Normally medium-grained, with a well-developed schistosity. Fine-grained 
phyllitic types are found north of Allt Torcaidh and in the Coire Lagain-Ruidh na Diollaide 
sector, and very fine-grained non-schistose hornfelses occur at the Crochton. 

Previous Terminology: Bailey (1925) mapped the majority of these rocks with his 
Dark Group, but parts of the area south of the line Stac nam Bodach-Meall Mhor, where non- 
graphitic types are conspicuous, were mapped by him as doubtful Pale Group. 

Named for Tomnabroilach, a croft in upper Glen Gimaig about half a mile north-west 
of the river. 

h. Monzie Limestone. 

White magnesian limestone. 

Normal Mineralogy: Dolomite, sometimes with subordinate calcite or quartz. Acces¬ 
sory tremolite occurs locally, and subordinate muscovite and biotite are found in the northern 
part of Zone I as thin partings of schist. 

Mineralogy near the Ben Vuirich granite: The limestones of the Leacann Mhor out¬ 
crop contains a large proportion of calcite, which often predominates over dolomite, and 
tremolite, forsterite, and diopside (in non-dolomitic varieties) are all locally abundant, 
although these silicates are somewhat variable in their distribution. Chondrodite and spinel 
are also found in places. The rock must represent an impure dolomitic limestone, and the 
unusual mineral assemblage is probably due to thermal metamorphism by the Ben Vuirich 
granite. 

Texture: Coarse to medium-grained, with little or no schistosity; this applies to the 
limestone at Leacann Mhor as well as elsewhere. 

Previous Terminology: Bailey (1925) placed the Monzie Limestone in his Pale Group; 
Bailey and McCallien (1937) correlated it further with the White Limestone of the Schiehallion 
area. 

Named for Monzie, a farm on the east side of Glen Fender. 

i. Monzie Schists. 

Semipelitic schists, with subordinate impure quartzites, pelitic schists, and 
calcareous schists, frequently banded on a scale of a few centimetres. 

Mineralogy: Quartz, muscovite, and biotite dominant, with subordinate acid plagio¬ 
clase. Some bands contain a moderate quantity of calcite, while others contain a small amount 
of garnet. 

Texture: Usually fine-grained or even phyllitic, more rarely medium-grained; schis¬ 
tosity well-developed and uniform, particularly in the fine-grained varieties. This gives the 
rock a flaggy habit (cf. Bailey, 1925, with reference to honestones). 

Previous Terminology: Bailey (1925) placed the Monzie Schists in his Pale Group; 
Bailey and McCallien (1937) correlated them further with the Banded Group of the Schie¬ 
hallion area. 

Named for Monzie (see above). 

j. Glen Banvie Series. 

Interbanded schists (sometimes dark), semipelitic flags, and quartzites, with 
subordinate limestones (white or grey). Individual bands range up to a few tens 
of metres in thickness. There also occur bands of amphibolite, pink microcline-rock 
(found only near the boundary with the Struan Flags) and silicate-bearing lime¬ 
stones (also concentrated near the boundary with the Struan Flags). 

Mineralogy of Pelitic Types: Muscovite dominant with abundant quartz and sub¬ 
ordinate acid plagioclase; moderate amounts of biotite, chlorite or both, are normally present 
in addition. A few bands contain garnet, and others contain hornblende, particularly near 
the A’Chreag amphibolite. Accessory graphite occurs in the dark varieties, which may 
also contain kyanite or andalusite. 

Mineralogy of Quartzites : Quartz, with subordinate muscovite and acid plagioclase. 

Mineralogy of Limestones: These may be divided into three types. 

(i) Calcite limestones, with or without accessory graphite, containing no calcic or 
magnesian silicates except (occasionally) clinozoisite. 
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Fio. 3.—Diagrammatic map of the Blair Atholl-Ben a’ Gloe area, with generalised sections. The map shows the disposition of the 
various tectonic units, and the distribution of some index minerals. 
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(ii) Dolomitic limestones (white) without calcic or magnesian silicates. 

(iii) Limestones with calcic or magnesian silicates. Tremolite, serpentine (after forstente), 
and diopside are all common in particular localities, and may even predominate over calcite, 
the limestone passing into a calc-silicate rock. Brucite (presumably after periclase) and 
idocrase have also been found in these rocks. Calcite is usually the dominant carbonate, but 
a moderate proportion of dolomite may also be present, except in varieties with diopside. 

Mineralogy of Microcline-rocks : The usual type contains only subordinate quartz 
and acid plagioclase in addition to microcline, but there also occur more calcic bands rich 
in epidote and diopside, and micaceous bands rich in muscovite and chlorite. . 

Mineralogy of the Amphibolites: Hornblende dominant and usually accompanied by 
subordinate epidote, quartz, and acid plagioclase. Accessory garnet sometimes occurs when 
epidote is absent. 

Textures: The schists are typically coarse-grained, with a well-developed uniform 
schistosity. The limestones (coarse-grained) rarely show any sign of schistosity, but the 
quartzites (fine-grained) occasionally possess a crude schistosity, although they are normally 
massive. The microcline-rocks are medium-grained and non-schistose (except the micaceous 
varieties); the amphibolites are medium to coarse in grain, and are frequently schistose, 

although this is not always the case. , , _ . „ . , 

Previous Terminology: Bailey (1925) mapped the Glen Banvie^Series as a distinct 
unit, and referred to it as the “ Blair Atholl Series of the Banvie Bum belt (1925, p. 684). 
Named for Glen Banvie, north-west of Blair Atholl. 

k. Struan Flags. 

Impure flaggy quartzites with pelitic partings, and semipelitic schists. The true 
flags are found in the Gilbert’s Bridge and Garry sections, whereas the semipelitic 
types predominate in the Glen Banvie and Croft Crombie Bum sections. 

Mineralogy of Impure Quartzites: The quartz is accompanied by variable quantities 
of microcline, acid plagioclase, and mica, which tend to be concentrated in particular bands: 

muscovite predominates over biotite. ...... , 

Mineralogy of Semipelitic Schists : Quartz and muscovite dominant, with subordinate 

biotite and acid plagioclase, but little or no microcline. . . ._ 

Textures : The impure quartzites themselves are fine to medium-grained and non- 

schistose, but contain medium to coarse grained pelitic partings which are highly schistose. 
The semipelitic types are medium-grained, with a well-developed schistosity. 

Previous Terminology: The name "Struan Flags” for the siliceous Moinian rocks in 
the north-western part of Sheet 55 was used by Barrow (1905, p. 62) and has been continued 
by every subsequent worker in the area. 

3. Stratigraphical Relationships and Correlations Between the Ben a' Gloe, Tulach 
Hill and Schiehallion Areas 

a. Blair Atholl Series: Shierglas Limestone and Tomnabroilach Schists. These 
formations can be recognised with confidence in all three areas. They are synony¬ 
mous with the “ Grey Limestone ” and “ Dark Schist ” in the Tulach Hill area 
across the Garry (cf. McCallien, 1943), and are undoubtedly equivalent to the Grey 
Limestone and Dark Schist of the Schiehallion area. 

b. Blair Atholl Series: subdivisions younger than the Shierglas Limestone. 
In the Schiehallion area, the Blair Atholl Series occurs in three main belts: 

(i) The northern belt, running from the north side of Scmehallion to omi a 
Chuallaich and Trinafour. This is the type area for the subdivisions of the Blair 
Atholl Series in Bailey and McCallien’s Schiehallion succession. . 

(ii) The central belt, running from the south side of Schiehallion to ross and 
Kynachan. This belt appears to represent the continuation of the Blair Atholl 
Series in the Tulach Hill area across the Loch Tay Fault. _ 

(iii) The southern belt, in the neighbourhood of Loch Kmardochy. Inis belt 
will not be discussed here. 

Bailey and McCallien (1937, p. 91) correlated the Banded Group of the northern 
belt with the Coire Fhiann Group of the Ben a’ Gloe area, and their view is almost 
certainly correct. Whatever may be the precise correlation of the Ben a Gloe 
Quartzite, it must belong to the lower part of the Quartzite Series, and this means 
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that the Banded Group and Coire Fhiann Group occupy conresponding positions 
between the Quartzite Series on one side and the Grey = Shierglas Limestone on 
the other. Moreover, although the Coire Fhiann Group contains a number of lime¬ 
stone bands which the Banded Group does not, the two groups are very similar in 
lithology. 

No representative of the Schiehallion “ White Limestone ” is found in the Ben 
a’ Gloe area. However, the Kirkton of Lude Boulder Bed and the Schiehallion 
Boulder Bed occur in similar positions in their respective sequences, and are very 
similar in lithology: there can be little doubt that the two are equivalent, as 
suggested by Bailey (1925, p. 685). 

The succession in Zones II and III of the Ben a’ Gloe area may now be com¬ 
pared with the Schiehallion succession, up to the base of the Quartzite Series 
(Table I). 

Table I. 

Zones II and III 
Quartzite Series 

Kirkton of Lude Boulder Bed 

Coire Fhiann Group 
Shierglas Limestone 
Tomnabroilach Schists 

The absence of the White Limestone in Zones II and III, and the sporadic 
occurrence of the Boulder Bed, could well be due to original sedimentation, and 
it is highly probable that the above lithological sequences represent true strati- 
graphical successions, with no significant interruptions or repetitions of a tectonic 
nature. Since the Quartzite Series is younger than the Blair Atholl Series, the 
various divisions of the latter must become progressively older from the Boulder 
Bed to the Tomnabroilach Schists. 

Along the south-eastern boundaries of the Ben a’ Gloe area (Zone I), the Tulach 
Hill area, and the central Schiehallion belt, the Shierglas Limestone comes directly 
against the Quartzite Series; the upper members of the Blair Atholl Series are 
completely missing. Bailey interpreted this anomalous junction as a slide, later 
named the B lair Atholl Slide (McCallien, 1943, p. 45). It is possible, however, 
that the discrepancy can be explained partly or wholly in terms of variations in 
the original sedimentary sequence. In those districts where the rocks are highly 
folded and are involved in sliding it is the commonly accepted view that the most 
consistent and widespread lithological sequence (i.e., the “normal” sequence)■ is 
■the one most likely to represent the original stratigraphical succession. Accordingly, 
the “ abnormal ” sequences, with omissions or repetitions, are attributed to tectonic 
causes. In the present case, however, the “ abnormal ” sequence is very persistent, 
with a total length of outcrop comparable with that of the “ normal ” sequence 
to the north. This suggests that the omission of the upper Blair Atholl Series may 
be a consequence of original sedimentation. 

c. Blair Atholl Series: Monzie Limestone and Monzie Schists. These forma¬ 
tions are rather similar in lithology to the White Limestone and Banded Group of 
the Schiehallion succession, and were identified as such by Bailey and McCallien. 

However, outcrops of the Monzie Limestone are always separated by Tomna¬ 
broilach Schists from outcrops of the Shierglas Limestone. This indicates that the 
Tomnabroilach Schists may in fact be younger than the Monzie Limestone. The 
close association of Monzie Limestone and Monzie Schists further indicates that 
■ they are adjacent in the stratigraphical succession, and if the Monzie Limestone is 
older than the Tomnabroilach Schists, this must also apply to the Monzie Schists. 
The relative positions of the Monzie Limestone and Monzie Schists in the sequence 
are more diffi cult to decide, as both come into contact with the Tomnabroilach 


Schiehallion (Northern Belt) 
Quartzite Series 
Schiehallion Boulder Bed 
White Limestone 
Banded Group 
Grey Limestone 
Dark Schist 
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Schists. Either the Monzie Schists or the Monzie Limestone must have been 
partially cut out by sliding or unconformity, and it is probably the Limestone that 
has been affected in this way, as this formation appears to be much thinner than 
the Schists. It is therefore suggested that the Monzie Limestone intervenes strati- 
graphically between the Monzie and Tomnabroilach Schists, making the succession: 
Shierglas Limestone 
Tomnabroilach Schists 
Monzie Limestone 
Monzie Schists 

The omission of the Monzie Limestone along most of the south-eastern boundary 
of the Monzie Schists could easily be due to sliding or to a local unconformity in 
the original sediments. 

It is possible that the Monzie Schists represent a semipelitic facies of the upper¬ 
most Moine: in the Glen Banvie region, the Struan “ Flags” are semi-pelitic rather 
than flaggy. 

d. Ben a’ Gloe Quartzite and Coire Rainich Phyllites. The Coire Rainich 
Phyllites show no close resemblance to any undoubted member of the Blair Atholl 
Series, although they might conceivably represent a fine-grained variety of the 
eastern Coire Fhiann Group or the Tomnabroilach Schists. Again, these Phyllites 
appear to be quite devoid of intercalations of limestone or calcareous schists. 
Furthermore, as mentioned earlier, the Ben a’ Gloe Quartzite adjacent to the Blair 
Atholl Series differs in lithology from that adjoining the Coire Rainich Phyllites. 
For these reasons there can be little doubt that the Phyllites are separated strati- 
graphically from the Blair Atholl Series by some if not all of the Quartzite. The 
Phyllites may well be younger than any part of the Quartzite, but they could also 
represent a stratigraphical intercalation within the latter. Certain tectonic evidence 
(infra) is in favour of the second alternative. 

The correlation of the Schiehallion and Ben a* Gloe successions above the base 
of the Quartzite Series is more doubtful than in the case of the Blair Atholl Series. 
Bailey referred the Ben a’ Gloe Quartzite to the Schiehallion Quartzite, and the 
Coire Rainich Phyllites to the Killiecrankie Schist. Although this correlation 
implies a certain amount of facies variation in the original sediments, it may well 
be correct. However, various alternatives are possible. 

The lithology of die Coire Rainich Phyllites is very similar to that of the Ben 
Eagach Black Schist, except for their difference in grain size. It is suggested here 
that these two formations may be equivalent: if so, the Ben a’ Gloe Quartzite must 
represent the whole Quartzite Series. A comprehensive quartzite of this kind, 
extending the whole way from the Blair Atholl Series to the Ben Eagach Schist, 
does occur in the Caimwell-Glen Shee area (Bailey, 1925, p. 679; 1928, p. 742). 
On the other hand, if any part of the Phyllites represents a stratigraphical intercala¬ 
tion within the Quartzite, the succession in the Ben a* Gloe range would be closely 
comparable with the Quartzite Series in the northern belt at Schiehallion. The 
intercalated phyllites would correspond to the Killiecrankie Schist, the underlying 
quartzite to the Schiehallion Quartzite, and the overlying quartzite to the Cam 
Mairg Quartzite. 

Along the southern margin of the central belt at Schiehallion the Killiecrankie 
Schist and the Blair Atholl Series are separated by the Schiehallion Quartzite in 
the west, but the quartzite wedges out before reaching the Loch Tay Fault, and 
there is no quartzite between the Blair Atholl Series and the Killiecrankie Schist 
in the Tulach Hill area or in Zone I.* Again, the Cam Mairg Quartzite south- 

* Two small outcrops of pure quartzite, which appear to be intercalations in the. Killiecrankie 
Schist, occur near the boundary of the Blair Atholl Series in Zone I. One outcrop 
lies about £ mile south of the Crochton, at Cnoc Dubh. The other, at Creag Dubh 
(about f mile south-east of Reinakyllich) was mapped by Bailey (1925) as doubtful 
Schiehallion Quartzite. 
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east of the type Killiecrankie Schist tapers and dies out just east of the Gimaig, and 
does not reappear. Bailey attributed the wedging-out and disappearance of these 
quartzites to sliding, but facies variations or unconformities m the original 
sediments may have played some part; this view is strengthened by the apparent 
impossibility of correlating the Schiehallion succession with those of Ben a «jloe 
(Zones II and III) or the Caimwell without assuming facies change m the 

^ Objections to the above hypothesis might be raised on the grounds that the 
present distances between the northern and central belts at Schiehallion, an 
between Zones I and II in the Ben a’ Gloe area, are too small to allow appreciable 
facies change. However, these distances were almost certainly much larger before 
regional deformation took place, since they are measured across the strike of the 
primary major folds (infra), and they may well have been sufficient to permit the 
suggested lateral variations in the sequence. . . , 

e Glen Banvie Series. The stratigraphical position of this series has remained 
a problem ever since Bailey (1925, p. 684) first recognised it as a distinct unit. It 
is clearly Dalradian in facies, and its proximity to the Moiman mdicates that it is 

low in the Dalradian sequence. . . , . 

If the Glen Banvie Series is compared with the various divisions of the Blair 
Atholl Series in Zones I-III, it is seen that the general lithology is very similar 
to that of the Coire Fhiann Group. There are certain differences m mineralogy, 
texture, and small-scale folding between the Glen Banvie Series and the Coire 
Fhiann Group, but most of these can be explained in terms of different conditions of 
metamorphism and deformation, and the original sediments represented by the 
Glen Banvie Series must have been closely similar to those now forming the Coire 
Fhiann Group. The relative proportions of psammitic, pehtic, and calcareous 
rocks in the two series cannot be estimated with any degree of accuracy, but these 
proportions do not appear to differ widely, or in a way which could not be 
explained by a small degree of sedimentary facies variation. 

The Tomnabroilach Schists around the Gimaig, which contain a fair proportion 
of quartzose and calcareous varieties, show some resemblance to the Glen Banvie 
Series. However, the nearest Tomnabroilach Schists to the Glen Banvie Series 
(those of Zone II) are entirely pelitic, and a considerable change in sedimentary 
facies must be assumed if the two are equivalent. Again, if the Glen Banvie 
Series were equivalent to the Monzie Schists, it would be necessary to assume a 
marked change in sedimentary facies. The Glen Banvie Series is more likely, 
therefore, to be equivalent to the Coire Fhiann Group. 

If this view is correct, the lower part of the Blair Atholl Series from the 
Shierglas Limestone downwards is missing from the Zone IV succession. This 
could be due to tectonic causes, but there is no sharp junction between the Mome 
and the Dalradian such as occurs along the demonstrably tectonic Iltay Boundary 
Slide in the Schiehallion district. The zone of interbanding, although narrow, 
suggests the former presence of passage beds at a sedimentary junction. 


III. Minor Structures 

1. Schistosity and Lineation 

The schistosity and the lithological banding at any given locality are almost 
invariably parallel, whatever the rock-type may be. Their strike varies considerably 
from place to place, but generally lies in the NE and SW quadrants. The dip is 
usually between 20° and 60°, and is normally directed towards the SE quadrant, 
although in a few place it is directed towards the NE or the SW quadrant. 

Schistosity is well developed in the pelitic and semipelitic rocks, and lineation 
is abundant. There are two types of lineation, by far the commoner type being a 
fine striation due to the intersection of s-planes lying subparallel to the general 
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Fig. 4. —Orientation of minor fold axes and lineations in various formations (Schmidt equal- 
area projection). A—Coire Rainich Phyllites: b-lineation. B—Ben a’ Gloe Quartzite: 
a-lineation. C—Ben a’ Gloe Quartzite: synchronous minor folds and b-lineation. D—Coire 
Fhiann Group: synchronous minor folds and b-lineation. E—Shierglas Limestone: synchron¬ 
ous minor folds and b-lineation. F—Tomnabroilach Schists: synchronous minor folds and 
b-lineation. G—Monzie Limestone and Schists: synchronous minor folds and b-lineation. 

H—Glen Banvie Series and Struan Flags: synchronous minor folds and b-lineation. 
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schistosity surface. This “ normal ” type of lineation appears to have developed at 
the same time as the schistosity, and is generally directed towards the E or SE 
(Fig. 4). The less common type takes the form of corrugations up to several 
millimetres in width, which affect the schistosity and were clearly formed, at a 
later stage. This second type of lineation has no obvious preferred orientation. 

The Coire Rainich Phyllites are exceptional in possessing two groups of 
“ normal ” lineations, one group plunging to the NE and the other plunging to the 
E or SE. Usually only one lineation is present, but in a few localities the phyllites 
carry two distinct lineations, one lying in the NE quadrant and the other in the 

SE quadrant. , 

Schistosity is rare in the limestones and the Ben a Gloe Quartzite, except in 
pelitic partings. Lineation also is rare in the limestones (except in politic partings), 
but is relatively common in the Quartzite, notably in the Ben a’ Gloe outcrop 
itself, where two kinds of lineation are present. The first kind, found mainly 
in quartzites with pelitic partings, takes the form of rodding associated with minor 
folds, and usually plunges towards the NE or ENE; it is clearly a b-type lineation. 
The second kind, found mainly in massive and pebbly quartzites, consists of a 
striation on the bedding surfaces, accompanied by a conspicuous elongation of 
relict pebbles parallel to the striation. This is almost certainly an a-type lineation, 
and it is nearly always directed towards the E or SE. 




p IG 5 ,—Characteristic styles of synchronous minor folding. A—Shierglas Limestone. B 
Ben a’ Gloe Quartzite. G—Coire Fhiann Group. D—Struan Flags. Thick lines = litho¬ 
logical banding. Thin lines = general schistosity. Scale X 1/25. 

2. Minor Folding 

Minor folds in the pelitic, semipelitic, and calcareous formations may be divided 
into two groups. The great majority appear to be synchronous with both schistosity 
and the “ normal ” type of lineation, which runs parallel to the minor fold axes 
and is thus a b-lineation. The minor folds of this group affect only the lithological 
banding, and do not disturb the schistosity. They are typically incompetent, and 
grade from gentle monoclinal flexures into small recumbent folds (Fig. 5)._ They 
have the same general orientation as the “ normal ” lineation, plunging dominantly 
to the E or SE at moderate angles. The second and very subordinate group of 
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minor folds are clearly later than the general schistosity, and are very different in 
style frOm the first group, being much more open and essentially competent, wi,th 
little or no contortion of the limbs: no preferred axial orientation is apparent. 
Both types of minor fold range from a few centimetres up to several metres in width. 

In the Ben a’ Gloe Quartzite, minor folds plunge towards the NE or ENE 
throughout most of the formation, those plunging towards the SE quadrant being sup- 
ordinate and mainly confined to limited zones near the margin. Minor folding is 
conspicuous in the Quartzite only when pelitic bands are numerous. Throughout 
most of the formation, these bands are well differentiated, and the minor folds are 
then fairly open and more or less competent, with rounded closures (Fig. 5). The 
schistosity is parallel to the lithological banding, and is apparently synchronous 
with the folding, having developed by preferred slip along the pelitic bands. Rodding 
in the Quartzite, when present, is concentrated in the fold closures. In parts of 
the Quartzite near the Coire Rainich Phyllites, however, the pelitic bands are more 
diffuse, and the minor folds are usually incompetent. A general schistosity is 
developed which is unaffected by the folding and is independent of the lithological 
banding: lineation, when it occurs, is similar to the “normal 5 lineation of the 
pelitic and semipelitic formations. 

Minor folds in formations other than the Quartzite show no systematic direc¬ 
tion of overturning, but the minor folds in the Quartzite itself do show a certain 
amount of regularity in this respect. On the north-western side of the type Quart¬ 
zite outcrop, they show a strong tendency to be overturned towards the NW, and 
those on the SE side of the outcrop tend to be overturned towards the SE. 

IV. Major Structures 

1. Folds 

(a) Primary Major Folds. From the distribution of the various formations ui 
Zones I and II, and their persistent dip to the south and east, the rocks are clearly 
involved in major isoclinal folds. In Zone I the fold cores do not usually exce 
200-300 yards in thickness, but the folds of Zone II are on a larger scale, the mam 
fold cores reaching over a mile in thickness. The rocks of Zone III also are obviously 
affected by isoclinal folding, and a broad correlation can be made between The 
structures of Zones II and III. The outcrops of the Struan Flags and the Glen 
Banvie Series in Zone IV show no interdigitation or repetition, but there can be 
little doubt that both formations are involved in strong isoclinal folding. 

As these isoclinal folds appear to be earlier than all other major fold systems in 
the area, they will be called the primary major folds. Although the isoclinal fold 
planes have a strike ranging from W 20° N through SW to S 30 E in different 
parts of the area, their dominant trend is clearly NE-SW, and the fold axes prob¬ 
ably also have the same general trend. The general dip of the fold planes shows 
that the upper structural levels must have travelled a considerable distance north¬ 
westward relative to those beneath. 

To determine the structural successions in the different zones it is necessary to 
decide which fold cores are antiforms and which are synforms. The direct method 
of plunge determination cannot be used in the present area except around the 
Crochton. Elsewhere the few major fold closures that are actually exposed show 
that the small-scale lithological banding has the same orientation as on the fold 
limbs, running across the interformational boundaries on the closures themselves. 
Clearly no true stratigraphical dip can be obtained in these localities.^ At the Croch¬ 
ton, however, it seems reasonably certain that the lithological banding in the very 
fine-grained rocks represents the original bedding. On this assumption, a well- 
exposed fold at the south end of the hill can be shown to plunge steeply to the SW. 
This indicates that the Shierglas Limestone in the core of the fold occupies a, 
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synform, and that the Monzie Limestone on the west side of Ben Vuirich occupies 
an antiform. The formations thus appear to be in normal succession at this locality, 
with the youngest on top. 

The axial plunge method also meets with difficulties when applied to the present 
area. Throughout much of the Ben a’ Gloe Quartzite, the minor folds plunge NE 
or ENE, but in all the other formations they plunge E and SE. Numerically, minor 
folds plunging E and SE are predominant, but they run at a wide angle to the 
probable trend of the primary major fold axes. In fact, these minor folds appear 
to be quite independent of the primary major folds, and were probably formed at a 
later stage. This also applies to the subordinate minor folds in the Quartzite 
with a NW-SE strike. # . 

On the other hand, the similarity between the predominant strike of minor 
folding in the Quartzite and the probable trend of the primary major folds indicates 
that most of the minor folds in the Quartzite (those plunging to the NE or ENE) 
are synchronous with the major folds in question. It would be expected, further¬ 
more, that synchronous major and minor folds in a given area would have approxi¬ 
mately the same plunge. On this basis, the plunge of the major structures in Zone 
II may be deduced. In the northern part of the zone the primary major folds 
probably plunge to the NE or ENE. In the southern part of the zone visible minor 
folds in the Quartzite are much less abundant than further north, but their general 
trend indicates that the primary major folds here plunge to the east. 

If these deductions are correct, the structure of the alternating belts of Quartzite 
and Blair Atholl Series in Zone II may be interpreted as in Table II. 

Table II. 


Lithological Belt Major Structure 

1. Ben a’ Gloe Quartzite (type outcrop) and Coire Rainich Synform 

Phyllites 

2. Blair Atholl Series (Glen Fender belt) Antiform 

3. Ben a’ Gloe Quartzite (Meall Gruaim and Meall 

Bhlair outcrops)* Synform 

4. Blair Atholl Series (alongside the Loch Tay Fault in 

upper Glen Tilt) Antiform 

The formations appear to be in normal succession, with the youngest uppermost. 
Structures 1, 2 and 3 will be called the Ben a’ Gloe Synform, the Glen Fender 
Antiform, and the Meall Bhlair Synform respectively. Three generalised sections 
are shown in Fig. 3. It should be noted that this structural succession is the 
reverse of the one put forward by Bailey in 1925. 

One anomaly requires explanation. The elongated pebbles in the Quartzite 
presumably owe their shape to deformation associated with the primary major 
folding, as no other fold system of comparable intensity seems to have affected the 
Quartzite. It would therefore be expected that the direction of elongation would 
be at right angles to the major fold axis. Instead, the long axes of the pebbles tend 
to run ESE at about 60° to the probable axis of major folding. This anomalous 
orientation suggests that the area as a whole has been affected by a sinistral distor¬ 
tion, directed along a NE-SW axis. Such a distortion would scarcely alter the 
orientation of the minor folds in the Quartzite, but would rotate the a-lineation 
in an anticlockwise sense. It is probable that the a-lineation was originally directed 
NW-SE, but has been rotated about 30° in the way described above. The sinistral 
distortion may have accompanied the formation of the Loch Tay Fault System, 
in which sinistral transcurrent displacements are predominant. The lineations and 


* These outcrops of quartzite are only separated by a shallow syncline of Blair Atholl Series, 
and are undoubtedly continuous underground. 
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minor folds in formations other than the Quartzite probably also ran NW-SE, but 
were rotated into their present position by the sinistral distortion. 

Over most of Zone II, the interformational boundaries show numerous irregu¬ 
larities and indentations, on scales ranging from a few tens of yards to several 
hundreds of yards. Although many of these undoubtedly correspond to primary 
major folds, others represent secondary major folds formed at a‘later stage (infra), 
and in many cases it is impossible to decide which type of folding is responsible. 

The form of most of the outcrops in Zone II can be explained in terms of 
comparatively simple folds, but this does not apply to the outcrop of Coire Rainich 
Phyllites in the centre of the Ben a’ Gloe range. All minor folds in the vicinity 
plunge steadily to the NE, indicating that the outcrop represents a closed body, 
synclinal in form, with quartzite both underlying and overlying a folded lens of 
phyllite. If the Coire Rainich Phyllites are in fact wholly younger than the Ben 
a’ Gloe Quartzite, the contact between the phyllite lens and the overlying quartzite 
must be tectonic: the quartzite may have been thrust over the phyllite during an 
early stage of deformation. The lens may, however, be a stratigraphical inter¬ 
calation between two layers of quartzite, and its upper contact an unconformity. 

Zone I contains no formation with minor folds running consistently in the NE 
and SW quadrants, but it seems likely that the order of superposition deduced 
for the Crochton fold persists over the whole zone. According to this view, the 
general structural succession in Zone I must be: 

Killiecrankie Schist 

Shierglas Limestone (occupying synforms in the Tomna- 

broilach Schists) 

Tomnabroilach Schists 

Monzie Limestone (occupying antiforms in the Tom¬ 

nabroilach Schists and synforms 
in the Monzie Schists) 

Monzie Schists 


The various fold cores are more numerous and on a smaller scale than those 
in Zone II, and will not therefore be given individual names. 

If the above succession is correct, the plunge of the major folds must apparently 
vary from one part of Zone I to another. For example, the Shierglas Limestone 
cores on Sron na h-Innearach and Meall Breac cannot share the steep SW plunge 
of the Crochton fold if they are indeed synforms: the lithological dips observed at 
the western end of the Sron na h-Innearach core indicate that it plunges to the 
NE, and this is probably also true of the Meall Breac cores. On the other hand, 
the Shierglas Limestone cores south of Loch Moraig must plunge to the SW if 
they are antiforms. The inferred plunge of the major folds in Zone I is shown 
on the diagrammatic map (Fig. 3). 

In Zone III, the plunge of the major folds can nowhere be determined directly, 
but the various lithological outcrops can be matched very closely with others in 
Zone II, and are probably to be correlated, as shown in Table III. 


Table III 

Outcrops NE of the Croftmore Fault* 
Meall Dail-min quartzite outcrop 
Blair Atholl Series west of Meall Dail-min 
Quartzite above Croftmore 

Outcrops SW of the Croftmore Fault 
Quartzite, granite, and Coire Fhiann Group 


Structure in Zone II 
Ben a’ Gloe Synform 
Glen Fender Antiform 
Upper limb of Meall Bhlair 
Synform 

Lower limb of Meall Bhlair 
Synform 


* This fault runs SSE from Croftmore across Zone III, linking two branches of the Loch Tay 
Fault System. 
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No major fold cores are visible in Zone IV: the Glen Banvie Series and the 
nearby Struan Flags represent a single fold limb. 

(b) Secondary Major Folds. The primary major folds are themselves affected 
by a series of slightly later folds, which are on a similar scale and will be called the 
secondary major folds. The most important of these may be divided into three 
types: 

(i) Folds on axes with a trend roughly conforming to that of the primary 

major folds. . . , 

(ii) Folds on axes running at a wide angle to the primary major folds. Most 
of these plunge towards the E or SE. 

(iii) Torsional movements about vertical axes. 

These types are distinguished for the sake of convenience, although they grade 
into one another, and folds of different types can produce similar geometrical effects. 
In particular, folds of types (ii) and (iii) may both cause a swing in the strike of 
a primary major fold core, and it is sometimes impossible to refer a given structure 
to one type or the other. 

Folds belonging to type (i) are not very common in the area. The only 
important e xam ple is the open syncline separating the Meall Bhlair and Meall 
Gruaim quartzite outcrops. This fold is slightly asymmetrical, the NW limb 
being the steeper of the two, but neither limb is overturned. 

Folds belonging to type (ii), on the other hand, are moderately common. 
They may be either open or compressed; the majority plunge to the E or SE, 
and appear to be the largest members of a fold system whose main representatives 
are the minor folds in the schists and limestones. Medium-scale folds of this 
type, with axes plunging to the E and SE, are responsible for the form of the most 
westerly outcrop of quartzite around Allt na Caillich. An exceptionally good 
example is visible in the deep gully of Allt na Caillich itself, where exposures are 
virtually three-dimensional. This fold can be traced along the contact of the 
Quartzite and the Blair Atholl Series: it is essentially a monocline, overturned towards 
the NE on an axis running 30° S of E. Most of the minor irregularities in the 
Shierglas Limestone-Killiecrankie Schist boundary around the headwaters of 
Allt Glen Loch are due to medium-scale folds plunging to the ESE, and a large 
open fold plunging to the SE is responsible for the V form of the outcrops between 
Coire Fhiann and Allt Crom-alltan. 

A large fold with an unusual strike occurs near the centre of the Ben a’ Gloe 
range, on the east side of Kil ’ic-ille Chaluim. A belt of quartzite with a 
westerly dip (exceptional in the Ben a’ Gloe range) forms the common limb of 
an antiform to the east and a synform to the west. The strike of the fold axes 
varies from NNE-SSW opposite the summit of Kil ’ic-ille Chaluim to N-S 
around Allt Coire Chruinn-Bhalgain, the plunge meanwhile decreasing from 
about 30° SSW to nil. Strictly speaking, this fold belongs to type (ii), but it is 
definitely non-typical. 

In Zone I the dominant strike swings from NE to NNW between Stac nam 
Bodach and Loch Loch. It does not appear necessary to assume torsion about a 
vertical axis, as there is no evidence that the primary fold axes have rotated. . The. 
change in strike Ls probably due to a broad, comparatively gentle fold with a 
south-easterly plunge which has tilted the primary major folds towards the 
north-east. _ 

The most important example of type (iii) is found on the west side of Glen 
Girnaig. The pronounced swing of the primary major fold axes in this sector 
appears to be due to an extensive dextral “ twist ”, affecting the rocks, of Zone I. 
These axes swing round much farther than can be explained by tilting on SE- 
plunging axes. Moreover, the general dip west of the Girnaig differs little from 
that found in other parts of Zone I. This would be expected if torsion about a 
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vertical axis had taken place. If, on the other hand, the swing in strike had 
been due to tilting about an axis plunging to the south-east, the general dip 
west of the Girnaig should have been considerably greater than elsewhere: it is 
likely that the primary major fold cores originally possessed a comparatively 
uniform dip to the south-east, and the tilting mentioned above would only have 
served to increase the dip in the sector affected. _ 

There is evidence that the three types of secondary major folding occurred at 
different stages. Folds of type (i) affect the minor folds in the schists and lime¬ 
stones, but those of type (iii) do not. This indicates that folds of type (i) are 
younger and folds of type (iii) are older than the minor folds in question. Further- 
more, those members of type (ii) which plunge to the E and SE probably belong 
to the same fold system as the minor folds in the schists and limestones.. 

If the a-lineation in the Quartzite and the minor folds in the schists and lime¬ 
stones have in fact been rotated by regional sinistral distortion {supra, Section IV, 
la), the secondary major folds have almost certainly been affected by the same 

process. . . , 

The strike of the primary major folds indicates that the mam deformation of 
the area was due to a phase of crustal compression in which the axes of maximum 
and minimum pressure were directed in a vertical plane, striking NW—SE. In all 
probability the axis of maximum pressure was approximately horizontal and the 
axis of minimum pressure vertical. As this system of forces produced minor folding 
in the Quartzite with the same trend as the primary major folds, it almost certainly 
produced similar minor folding in the schists and limestones, although this has been 
obscured by some later tectonic process, for instance the formation of the slides or 
the development of the E- and SE-plunging minor folds which predominate in these 

rock-types. . , 

This system of forces does not account for the orientation of any other set ol 
folds in the area. Although the stress system which produced the secondary major 
folds of type (i) was probably very similar, it must have been developed at a much 
later stage. It is clear that the secondary major folds of types (ii) and (iii), and 
the minor folds in the schists and limestones, were all associated with tectomc 
displacements to the NE and SW in which the horizontal component was pre¬ 
dominant. These displacements cannot be explained in terms , of a stress system 
with the axes of maximum and minimum pressure both lying in a vertical plane 
with a NW-SE strike. 

The prevalence of north-easterly and south-westerly movements during this stage 
of deformation suggests that either extension or compression was taking place on a 
regional scale, parallel to the main axis of the orogen. On the whole, the evidence 
is in favour of extension. If the rocks of the area had been compressed along a 
NE-SW line, the Ben a’ Gloe Quartzite could scarcely have failed to show a con¬ 
siderable amount of secondary folding on axes oriented within the south-east and 
north-west quadrants, but such folds are by no means abundant. An explanation 
for this fact can be suggested on the assumption that extension, not compression, 
has taken place. The process of extension would probably not affect the compara¬ 
tively resistant Quartzite in the same way as the more plastic rock-types. Instead 
of resulting in the complex penetrating fold movements that are characteristic of 
the schists and limestones, the process would be more likely to split up the primary 
fold cores of Quartzite into a series of discrete masses, separated by dislocations 
running NW-SE (at right angles to the direction of regional extension). 

Assuming that general extension along a sub-horizontal NE-SW line accom¬ 
panied the formation of the minor folds in the schists and limestones and the 
secondary major folds of types (ii) and (iii), there can be little doubt that the 
prevailing axis of minimum pressure was parallel to the line of extension. The 
corresponding axis of maximum pressure must then have lain within a vertical plane, 
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striking NW-SE; probably it was more or less horizontal, with the same orientation 
that it possessed during the earlier stage of primary major folding. 

2. Slides and Faults 

(a) Slides. The Cam Liath and Luib Mhor Slides are the most important 
structures of this type in the present area, and the evidence leading to their recogni¬ 
tion will now be summarised. 

At the south-western foot of Cam Liath, the Monzie Limestone-Schist assemblage, 
bordered to the north by an outcrop of the Limestone, cuts diagonally from the Ben a’ 
Gloe Quartzite across the Coire Fhiann Group and the Shierglas Limestone of Zone 
II on to the Tomnabroilach Schists. The northern contact of the Monzie Lime¬ 
stone is clearly tectonic, and this is confirmed by the presence of cross-bedding in 
the Quartzite, which occurs quite near to the margin and youngs towards the Blair 
Atholl Series. The Monzie Limestone runs westward to the Fender, remaining in 
contact with the Tomnabroilach Schists, and finally dies out in the Fender section 
south of Tomnaguie. Exposures farther west are very poor, but the slide is probably 
represented by the junction between Shierglas Limestone and Coire Fhiann Group 
just above Old Bridge of Tilt. 

The south-eastern margin of the Ben a’ Gloe quartzite outcrop is bordered 
wholly by the Monzie Limestone-Schist assemblage. If the latter are both older 
than the Tomnabroilach Schists, as suggested by the writer, there must be an 
important discontinuity running along the whole margin of the quartzite. In any 
case, the obvious discontinuity south-west of Cam Liath would be expected to persist 
some distance to the north-east. The slide is therefore continued along the margin 
of the quartzite as far as Loch Loch. The name Cam Liath Slide is proposed for 
this structure. 

The numerous variations in the lithological succession which take place in the 
sector between Allt na Caillich and An Lochain, in the northern part of Zone II, 
show that in this area the Blair Atholl Series and the Quartzite-Phyllite assemblage 
are separated by an important discontinuity, presumably tectonic. The name Luib 
Mhor Slide is proposed for this structure. Its presence was noted by Bailey (1925, 
p. 683) and it is shown on his map. 

Both these slides are apparently later than the primary major folds: the Luib 
Mhor Slide cuts obliquely across several fold cores which presumably belong to the 
primary major fold system, while the Cam Liath Slide truncates the southern end 
of the Glen Fender Antiform. On the other hand, the slides are certainly earlier 
than some, at any rate, of the secondary major folds. The Luib Mhor Slide is 
affected by secondary folds of type (ii) around Allt na Caillich, and the Cam Liath 
Slide is affected by a secondary fold (probably a dextral “twist”) at the south¬ 
western foot of Cam Liath itself. The time sequence of the various fold systems 
and the slides therefore appears to be as follows: 

(1) Primary major folds, and minor folds in the Quartzite on axes striking 
NE-SW or ENE-WSW. 

(2) Major slides (Cam Liath Slide and Luib Mhor Slide). The minor slide 
near Forest Lodge, which brings together Shierglas Limestone and Ben a’ 
Gloe Quartzite, was probably formed during the same phase. 

(3) Secondary major folds, type (iii). 

(4) Secondary major folds, type (ii), minor folds in the schists and limestones, 
and subordinate minor folds in the Quartzite, on NW-SE axes (subsequently 
rotated). 

(5) Secondary major folds of type (i). 

The various faults in the area (infra) are clearly later than all these episodes 
of folding and sliding. 
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(b) Faults. The only faults of major importance in the district are those of 
the Loch Tay Fault System. In the Loch Tay area itself, the dislocation consists 
of a single fault, which runs obliquely across a zone of steep-dipping rocks near 
Fortingall. From the lateral displacement of the steep-dipping zone it can be shown 
that the fault has undergone a sinistral transcurrent displacement of 4£ miles. The 
more gently-inclined formations on either side of the steep-dipping zone show that a 
minor vertical displacement has also occurred, the upthrow being to the north¬ 
west. In the present area, the total relative displacement between Zone II and 
Zone IV is probably similar to that between the south-eastern and north-western 
blocks around Loch Tay. 

The transcurrent displacement of Zone III relative to Zones II and IV cannot 
be determined with certainty, owing to the general lack of structures running at 
wide angles to the fault outcrops. 

However, the relative vertical displacement of Zones II and III can be estimated, 
on the assumption that the quartzite outcrop just east of Croftmore does in fact 
correspond to the Meall Bhlair and Meall Gruaim outcrops. Using the uppermost 
margins of these quartzites as reference planes, it is clear that Zone III is down- 
thrown relative to Zone II: the amount of downthrow appears to be about 1,000 
feet. Zone III must also be downthrown at least 1,500 feet relative to Zone IV by 
the western branch of the fault, but the amount of vertical displacement cannot be 
estimated more closely, since there are no lithological reference planes that can be 
identified in both Zone III and Zone IV. 

Along most of the minor faults in Zones I, II and III, the predominant displace¬ 
ments appear to be vertical, although a sinistral transcurrent component may also 
be present in some cases. 

3. Tectonic Comparisons with Adjoining Areas 

The results described in this paper correspond fairly closely with the general 
observations of King and Rast (1956) on the Central Highlands, and with the 
results obtained by Rast (1958) in the Schiehallion area. King and Rast divide 
folds in the Central Highlands into two classes, “ Main ” or “ Caledonoid ” folds 
on NE-SW (or NNE-SSW) axes, and “ Cross-folds ” on NW-SE (or WNW-ESE) 
axes. The major Caledonoid folds obviously correspond to the primary major 
folds of the present paper, and the writer agrees with King and Rast (1956, p. 257) 
that “ on a regional scale, the trend of the formations indicates that the major 
direction of fold axes is NE-SW.” However, the statement that “ minor folds on 
these (Caledonoid) axes are ubiquitous ” (King and Rast, 1956, p. 257) does not 
appear to be true for the Ben a’ Gloe area. While the “ Caledonoid ” direction is 
dominant in the Quartzite this is not the case in the limestones and schists, where 
the dominant minor folds trend WNW-ESE and are clearly the cross-folds of King 
and Rast. A similar association of quartzite with Caledonoid minor folds and lime¬ 
stone with cross-folds has been observed around the hill Morrone, near Braemar 
(King and Rast, 1956, p. 263). 

King and Rast (1956, p. 263) also conclude that the Caledonoid and cross-fold 
systems developed simultaneously. This does not appear to be strictly true in the 
Ben a’ Gloe area, but the writer agrees with their conclusion that “ the two systems 
of folds were developed during the same general epoch of folding” (p. 262), and 
that “ all the movements formed integral phases of one period of orogenesis ” 
(p. 263). There is no reason to suppose that the two trends represent two distinct 
orogenic episides, separated by an interval of quiescence. Rast and Platt (1957) 
have recognised the widespread occurrence in orogenic areas of cross-folds, formed 
during the same orogenic episode as the main series of folds but running at a con¬ 
siderable angle to the main trend. 

The tectonic sequence at Schiehallion (Rast, 1958, p. 40) is very similar to that 
at Ben a’ Gloe. The various episodes are compared in Table IV. 
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Table IV 

SCHIEHALLION. (R.AST, 1958) 

PI 2 recumbent folds on Oaledonoid axes, witll 
an overall movement from south-east to north- 
.west, and associated minor folds. 

F2: major and minor folding on an axis approxi¬ 
mately at right angles to FI. These are the 


Ben a' Gloe (this paper) 
Primary major folds and associated 
minor folds. 

Secondary major folds, type (ii), 
and ESE-plunging minor folds. 


Secondary major folds, type (i). 
Faulting. 


cross-folds. 

F3: open E-W trending folds. 

F4: faulting. - . 

Rast (1958, summary) found no indications of twisting or torsion in the Schie- 
hallion area. Furthermore, the slides in the Schiehallion area, which are presum¬ 
ably coeval with those around Ben a’ Gloe, are stated by Rast to have probably 
originated during the FI episode of deformation ”. This may be so, although m 
Raft’s tectonic sections (1958, Figs. 7 and 9) the Iltay Boundary Slide cuts 
obliquely across some of the FI fold cores and would thus appear to post-date the 
FI folds. However, the slides are clearly earlier than the cross-folds m both areas. 


V. Summary and Conclusions 


The rocks of the Blair Atholl-Ben a’ Gloe area consist mainly of metasediments 
(quartzites, limestones, and schists), accompanied by subordinate igneous intru¬ 
sions The metasediments (together with the pre-tectomc igneous intrusions) have 
been'extensively folded and faulted: the most important result of these movements 
has been the formation of a series of strongly compressed isoclinal folds, with planes 
dipping towards the south-eastern quadrant. , — T • 

The area can be divided into four tectonic zones, bounded by the Cam Liatn 
Slide and the branches of the Loch Tay Fault System. In each zone, the metasedi- 
ments form a characteristic lithological succession, and the successions m the four 
zones are as shown in Table V. 


Zone I 

Killiecrankie Schist 
Shierglas Limestone 
Tomnabroilach Schists 
Monzie Limestone 
Monzie Schists 


Table V. 

Zones II and III 
Coire Rainich Phyllites 
Ben a’ Gloe Quartzite 
Kirkton of Lude Boulder Bed (local) 
Coire Fhiann Group 
Shierglas Limestone 
Craig-choinnich Quartzite (very local) 
Tomnabroilach Schists 


Zone IV 

Glen Banvie Series 
Struan Flags 

These series represent stratigraphical successions modified by foldmg and sliding. 
There is little doubt that the formations listed are in stratigraphical order, with the 

y ° U p?opoSd t correfations with the Schiehallion succession are shown in Table VI. 


Schiehallion 

Ben Eagach Schist 
Cara Mairg Quartzite 
Killiecrankie Schist 

Schiehallion Quartzite 
Schiehallion Boulder Bed 
Banded Group 

Grey Limestone 
Dark Schist 
Struan Flags 


Table VI 

Ben a’ Gloe 
(Coire Rainich Phyllites?) 

(Part of Ben a’ Gloe Quartzite?) 
Killiecrankie Schist (and Coire Rainich 
Phyllites?) 

Ben a’ Gloe Quartzite (at least in part) 
Kirkton of Lude Boulder Bed 
Coire Fhiann Group (and Glen Banvie 
Series?) 

Shierglas Limestone 

Tomnabroilach Schists 

Struan Flags (and Monzie Schists ?) 
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The “White Limestone” of the Schiehallion sector does not appear to be 
represented around Ben a’ Gloej the white “ Monzie Limestone likewise appears 
to be absent from the Schiehallion sector, and is probably older than the adjacent 
Tomnabroilach Schists, 

The differences between the zonal successions at Ben a’ Gloe are closely 
paralleled by lithological differences between the various structural zones at Schie¬ 
hallion. These differences can be explained in terms of facies variations in the 
original sediments, and it is not necessary to attribute all the discrepancies to 
tectonic processes. 

The rocks of the area have been affected by several phases of folding and faulting, 
which probably took place in the following order: . 

(1) Primary major folding, on axes with a dominant NE-SW trend, accompanied 
by minor folding with a similar orientation, and the development of an a- 
lineation with a NW-SE trend (later affected by sinistral rotation) in the 
massive parts of the Quartzite. Minor folds belonging to this phase are still 
visible in the Quartzite, but cannot now be identified in the other formations. 
The primary major folds are overturned to the NW. 

(2) Sliding (formation of the Cam Liath and Luib Mhor Slides, together with 

various minor dislocations). ; 

(3) Torsional movements about vertical axes. 

(4) Major and minor folding in the schists and limestones on axes .plunging to 
the SE (later affected by sinistral rotation); stretching and boudinage of the 

larger quartzite masses. This phase of deformation probably scattered or 
destroyed any folds in the schists and limestones with a NE-SW trend. . 

(5) Secondary major folding on axes with a NE-SW trend. 

(6) Faulting, including the formation of the Loch Tay Fault System, and a few 
other small fractures in the country to the east. Sinistral shearing associated 
with the Loch Tay Fault System may have been responsible for rotating the 
a-lineation in the Ben a’ Gloe Quartzite, and the folds of Phase 4, from an 
original NW-SE trend into their present position. 

On a broad scale, the rocks are in normal stratigraphical succession over the 
whole area, although they are inverted in the reversed limbs of primary major folds. 
Numerous fold cores can be recognised in Zone I, but none are of sufficient import¬ 
ance to receive separate names. The fold cores in Zone II are fewer and larger, 
and form the structural succession: 

Ben a’ Gloe Synform 
Glen Fender Antiform 
Meall Bhlair Synform 

These three fold cores can be recognised in Zone III. but no primary major 
folds have been delineated in Zone IV. 
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